Abstract. The aim of the study was to examine the effect of complex prescription on the pharmacokinetics of baicalin, rhynochophylline and gastrodin in Tiangou antihypertensive capsule. After administration, rat plasma was collected at different time-points. High-performance liquid chromatography was used to determine the content of baicalin, rhynochophylline and gastrodin in plasma. Two peaks occurred in the baicalin concentration-time curve. No significant difference was found for the peak concentration time (t max ) and area under concentration-time curve (AUC) of baicalin between the complex prescription and baicalin groups. The peak concentration (C max ) of baicalin in the complex prescription group was significantly decreased, while no significant difference was found for the absorption factor (K a ) and AUC of baicalin between the complex prescription and gastrodin groups. The elimination factor (K e ) of gastrodin in the complex prescription group was significantly decreased, while the apparent volume of distribution (Vd) of gastrodin was significantly increased. No significant difference was found for AUC of baicalin between the complex prescription and rhynochophylline groups. Levels of K a and K e of rhynochophylline were lower in the complex prescription group while Vd was higher. Thus, complex prescription made plasma concentration-time curve more smooth. By contrast, the Tiangou antihypertensive capsule improved the distribution of baicalin, rhynochophylline and gastrodin in vivo.
Introduction
Hypertension is a chronic disease, and its major characteristics include increasing arterial blood pressure, which often causes heart, brain, kidney and other vital organ diseases and corresponding consequences (1, 2) . The Tiangou Jiangya capsule is composed of Gastrodia elata, Uncaria rhynochophylla, Eucommia, Scutellaria baicalensis, Cortex moutan and Pearl, and represses hyperactive liver yang and sedative, which was used to treat mild to moderate hypertension (1, 2) .
Currently, Chinese herbal monomers are the subject of Traditional Chinese Medicine (TCM) pharmacokinetic studies (3) (4) (5) . However, as the efficacy of TCM is attributed to the overall effect of various compounds, investigating only one ingredient is not considered to be beneficial to TCM research (6) . In the present study, the effective ingredients of the Tiangou antihypertensive capsule were determined. The ingredients were used as a reference value to prepare the equivalent concentration of the extract solution. This solution was then used to examine the effects of complex prescription on concentration-time curve and the pharmacokinetic parameters of baicalin, rhyno chophylline and gastrodin. The results provided valuable data for the further study of the Tiangou Jiangya capsule. pure, while other reagents were analytically pure, and water was Wahaha Purified water (Hangzhou Wahaha Group Co., Ltd., Zhejiang, China).
The chemicals included in the study were: Baicalin reference standard (98% purity, lot no. 110715-201016; National Institutes for Food and Drug Control, Beijing, China); rutin (98% purity, lot no. 10080-200707; National Institutes for Food and Drug Control); rhynochophylline (98% purity, lot no. 20120426 Shanghai Standard Source Leaves Biological Technology Co., Ltd., Shanghai, China); gastrodin (98% purity, lot no. 110807-200205; National Institutes for Food and Drug Control); and the Tiangou antihypertensive capsule (home made, containing 0.7% rhynochophylline, 5.6% gastrodin, 7.9% baicalin, and 1.2% baicalein).
Experimental animals. Fifty-four male Sprague-Dawley (SD) (production license no. SCXK-Lu-20130001), with a body weight of 220±20 g, were purchased from the Experimental Animal Center of Shandong Lukang (Shandong, China). The 54 rats were randomly divided into 9 groups (n=6 rats/group) labelled A-I. The procedures involving animals and their care were conducted in accordance with NIH guidelines (publication no. 85-23, revised 1996) and were approved by the Animal Care and Use Committee of the Shandong University of Traditional Chinese Medicine.
HPLC. For baicalin, analysis separation was performed on a Shimadzu ODS (4.6x250 mm, 5 µm) maintained at 25˚C. Methanol-water-phosphoric (47:53:0.2) was used as the mobile phase at 1.0 ml/min. Solution (20 µl) was injected into the system. The detector wavelength was 280 nm (7) . Rutin was used as the internal standard substance.
For gastrodin, analysis separation was performed on a Shimadzu ODS (4.6x250 mm, 5 µm) maintained at 30˚C. Acetonitrile-0.05% acid water solution (3:97) was used as the mobile phase at 1.0 ml/min and 20 µl solution was injected into the system. The detector wavelength was 220 nm (7). Phloroglucinol was used as the internal standard substance.
For rhynochophylline, analysis separation was performed on a Shimadzu ODS (4.6x250 mm, 5 µm) maintained at 25˚C. Methanol-water (55:45) (containing 0.01 mol/l triethylamine, acetic acid adjust solution pH 7.5) was used as the mobile phase at 1.0 ml/min. Solution (20 µl) was injected into the system, and the detector wavelength was 254 nm (8) .
Preparation of standard and quality control samples. The stock solutions of baicalin, rhynochophylline and gastrodin were prepared in 10 ml methanol at a concentration of 500 µg/ml. A series of standard working solutions were prepared by the diluted proper stock solutions with methanol. Calibration working solutions were prepared by adding the diluted working standard solutions into blank rat plasma (5/95, v/v), and the resulting concentrations of baicalin, gastrodin and rhynochophylline are shown in Table I , respectively.
The quality control samples were prepared at three concentrations of 0.87, 3.62 and 13.72 µg/ml for baicalin; 0.13, 8.17 and 13.00 µg/ml for gastrodin; and 0.04, 0.51 and 2.54 µg/ml for rhynochophylline. The solutions were stored at 4˚C in a refrigerator and brought to room temperature before use. The results are shown in Table II .
Selectivity. Blank plasma spiked with the internal standard and standard substance, and the rat plasma sample collected after oral administration of the Tiangou antihypertensive capsule solution were prepared, respectively. The samples were treated with precipitate protein, and the compounds in plasma were quantitatively determined by the abovementioned analysis methods. The HPLC spectra of plasma samples are shown in Fig. 1 . No endogenous interference was observed at retention time of the analytes and internal standard.
Preparation of the solution for animal oral administration.
Tiangou antihypertensive capsule powders were reconstituted in 0.5% CMC-Na solution at a concentration of 0.1 g/ml. HPLC was used to determine the content of baicalin, gastrodin and rhynochophylline in the Tiangou antihypertensive capsule. The data were used as a benchmark to prepare single herb extract solution. Baicalin and Baicalein standard were reconstituted in 0.5% CMC-Na solution at a concentration of 5.0 mg/ml. A low concentration of rhynochophylline in the samples or low sensitivity of the detector towards the rhynochophylline may explain the non-detection. For preparation of the extract, 10 g powder of the Tiangou antihypertensive capsule was extracted with methanol under sonication for 30 min and filtrated. The extracting solution was centrifuged at 500 x g for 10 min and dried using nitrogen. The residue was reconstituted in 0.5% CMC-Na solution at a concentration of 0.1 g/ml.
Oral administration. A total of 54 male SD rats with a body weight of 220±20 g were randomly divided into 9 groups. The rats were acclimatized for 5 days, and fasted with free access to water until 12 h prior to the experiment. The rats were administered orally with the abovementioned drug solutions, and the doses are shown in Tables III-V. Collection of blood samples. After administration, the rats were anaesthetized with 10% Chlorali hydras. Samples were collected from the suborbital veniplex prior to administration and at 5, 10, 20, 30, 60, 90, 120, 180, 240, 360, 480, 600 and 720 min after administration. The plasma was placed into a tube in which there was heparin and was centrifuged at 850 x g for 10 min. Supernatant (0.2 ml) was transferred to a sample tube and stored at -20˚C in the refrigerator until analysis.
Preparation of rat plasma sample Baicalin plasma treatment method. Plasma was defrosted at 25˚C, and 200 µl of plasma sample was transferred into an Eppendorf tube. Subsequently, 50 µl of rutin solution and 50 µl of sodium dihydrogen phosphate solution (1 mol/l) were added and vortex-mixed for 1 min. Methanol (100 µl) and acetonitrile (300 µl) were added, vortex-mixed for 1 min and centrifuged at 850 x g for 10 min to precipiate protein. The supernatant was evaporated to dryness under a gentle stream of nitrogen at 25˚C. The residue was dissolved in 100 µl mobile phase and filtered with a 0.22 µm microporous membrane. Sample solution (20 µl) was injected into the chromatographic system for analysis.
Gastrodin plasma treatment method. Plasma was defrosted at room temperature and 200 µl of plasma sample was transferred into an Eppendorf tube. Subsequently, 100 µl mobile phase and 100 µl phloroglucinol solution were added and the mixture was vortex-mixed for 1 min. Acetonitrile (1 ml) was then added, the mixture was vortex-mixed for 1 min and centrifuged at 9,000 x g for 10 min to precipitate the protein.
The supernatant was dried under a gentle stream of nitrogen at 25˚C. Then, 200 µl of mobile phase was used to dissolve the residue, which was centrifuged at 850 x g for 10 min, and a volume of 20 µl sample solution was injected into the chromatographic system for analysis.
Rhynochophylline plasma treatment method. Plasma was defrosted at room temperature and 200 µl of plasma sample was transferred into an Eppendorf tube. Carbamazepine solution (50 µl), 200 µl (0.1 mol/l) NaOH solution, and 1 ml ether were added, the mixture was vortex-mixed for 3 min and centrifuged at 500 x g for 10 min. The organic layer was then transferred into another tube and the above procedures were repeated. The organic phase was combined and dried under nitrogen. Methanol (100 µl) was used to dissolve the residue which was centrifuged at 850 x g for 10 min, and then 20 µl solution was injected into the chromatographic system for analysis. The contents of three compounds in plasma were quantitatively determined by the above-mentioned analysis method. The concentration-time curve was then drawn and was used to analyze the absorption mechanism of such compounds. 
Results and Discussion
Concentration-time curve and pharmacokinetic parameter of baicalin. The content of baicalin in groups A-D was determined by the abovementioned analysis method. The concentration-time curves of baicalin were drawn as follows:
Time as x-coordinate and the concentration of baicalin in plasma as y-coordinate. Fig. 2 shows the concentration-time curve of baicalin in rats after oral administration of a low-, medium-and high-dose of the Tiangou antihypertensive capsule. Fig. 3 shows the concentration-time curve of baicalin in plasma of rats after oral administration of the Scutellaria baicalensis extract and a medium dose of the Tiangou antihypertensive capsule.
As shown in Figs. 2 and 3 , as well as in Table VI , no significant difference was found for the peak concentration time of baicalin between the groups. We obtained a dose-dependent plasma concentration profile as well as a peak concentration of baicalin. The results suggest that the absorption of baicalin was attributed to passive absorption. The peak concentrations of the medium-dose group were 4.592±0.485 and 5.793±0.395 µg/ml and the peak concentration of the extract were 5.021±0.531 and 6.858±0.834 µg/ml. The t-test indicated no significant difference for the area under the curve (AUC) of baicalin between the medium-dose group and Scutellaria baicalensis extract group (P>0.05). These results showed that the Tiangou antihypertensive capsule did not influence baicalin absorption, but made the drug effect more mild, and maintained the plasma concentration of baicalin to avoid a peak-valley phenomenon.
The content of baicalin in groups F and G was determined by the above-mentioned analysis method. Fig. 4 and Table VI show that baicalin exhibited a bimodal phenomenon in the concentration-time curve, which was consistent with previous findings (9, 10) . In the concentration-time profile of the baicalein group, the first peak occurred at 5 min. The peak concentration was much greater than that of the baicalin group. Both of them exhibited a bimodal phenomenon in concentration-time profile.
Blood samples of rats did not contain any baicalein (11); nevertheless, an amount of baicalin was detected in the samples. The result of the experiment showed that baicalin has a high bioavailability and faster absorption. Previous findings indicate that the bacterium in intestinal was able to hydrolyze baicalin to baicalein (12) . Only in this manner, could baicalin be absorbed and this metabolic process is an important stage for baicalin absorption (12) . The intestinal absorption experiment showed that baicalin has a high absorption rate in duodenum and cecum (13) . It may be a cause of the bimodal phenomenon after oral administration baicalin. As shown in Figs. 5-7 , the concentration-time curve of gastrodin and rhynochophylline do not have a bimodal phenomenon. Therefore, the bimodal phenomenon caused by baicalin inhibition of gastric emptying may be excluded. By intravenous injection, the bimodal phenomenon was observed in the concentration-time curve. If rat biliary tract is ligated, the concentration-time curve does not observe the bimodal phenomenon. This phenomenon probably occurs due to distribution re-absorption and enterohepatic circulation. The present results therefore showed that, Tiangou antihypertensive capsule did not have any effect on baicalin absorption, making the drug effect more mild and maintaining the concentration of baicalin in vivo more steady. These findings are consistent with those of previous investigation (14) .
Concentration-time curve and pharmacokinetic parameter of gastrodin. The content of gastrodin in groups A, B, C and E was determined by the abovementioned analysis method. The concentration-time curves of gastrodin were drawn as follows: Time as x-coordinate and the concentration of gastrodin in plasma as y-coordinate. Fig. 3 shows the concentration-time curve of gastrodin after oral administration of low, medium and high dose of Tiangou antihypertensive capsule. Fig. 5 shows the concentration-time curve of gastrodin after oral administration of the Gastrodia Rhizoma extract and medium dose of the Tiangou antihypertensive capsule. Figs. 5 and 6, and Table VIII show that, AUC and C max were proportional to the dose administered. Compared with the Gastrodia Rhizoma extract, C max and K e of gastrodin in the Tiangou antihypertensive capsule groups were decreased while the Vd was significantly increased. However, no significant difference was found for AUC of gastrodin between the two groups.
Gastrodin in rats is consistent with a one-compartment model (15, 16) . The peak of gastrodin occurred within 45 min, and rapid decay occurred after 1 h, indicating that gastrodin was not stored in the body, has a high absorption speed in the intestinal tract and exerts a rapid effect. The results demonstrated that the complex prescription exerted a certain effect on the absorption, distribution and elimination of gastrodin. The complex prescription delayed the absorption and excretion of gastrodin, prolonged the residence time of gastrodin in vivo, and could promote the distribution of gastrodin in vivo, but it did not have significant influence on bioavailability.
Concentration-time curve of rhynochophylline. As the data show in Table IX , compared with the Uncaria rhynchophylla extract group, the K a and K e of rhynochophylline were significantly decreased in the complex prescription group. However, there was effect on AUC. By contrast, the Vd of the Tiangou antihypertensive capsule group was significantly increased.
In consideration of the low content of rhynchophylline in powder and extract (17), we should set up a single experimental group. Summing up the above, on the premise of without influence drug absorption, complex prescriptions could avoid peak-valley phenomenon during taking medicine. And make the plasma concentratioin more smoothly.
Comparison of the Vd we found Tiangou antihypertensive capsule could promote the in vivo distribution of rhynochophylline.
In conclusion, the results of the present study have shown that, the Tiangou antihypertensive capsule made the plasma concentration of effective components more stable. It was consistent with the medication principle of smooth reduction. Complex prescription did not have a significant influence on the total absorption rate of single composition, respectively. The peak concentration of gastrodin occurred at an early stage, the peak concentration of rhynochophylline and baicalin occur subsequently, and the t max of rhynochophylline is close to the t max of baicalin. It may be associated with the pharmacological action of the synergistic antihypertensive effect, which remains to be investigated in future studies. Table VIII . Pharmacokinetic parameters of gastrodin after ig three dosage levels of Tiangou antihypertensive capsule and Gastrodia Rhizoma extract. 
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